This study aimed to determine the occurrence of Vibrio parahaemolyticus in cockles (Anadara granosa) at a harvesting area and to detect the presence of virulent strains carrying the thermostable direct hemolysin (tdh) and TDH-related hemolysin genes (trh) using PCR. Of 100 samples, 62 were positive for the presence of V. parahaemolyticus with an MPN (most probable number) value greater than 3.0 (>1100 MPN per g). The PCR analysis revealed 2 samples to be positive for the tdh gene and 11 to be positive for the trh gene. Hence, these results demonstrate the presence of pathogenic V. parahaemolyticus in cockles harvested in the study area and reveal the potential risk of illness associated with their consumption.
Introduction
Vibrio parahaemolyticus is a well-known human pathogen, causing gastroenterities through consumption of raw or undercooked seafood [1] . It is an important cause of food-borne illness in Asia and the United States [2, 3] . The pathogenesis of V. parahaemolyticus is based on the presence of virulence factors: the thermostable direct hemolysin (TDH) and TDH-related hemolysin (TRH), encoded by the tdh and trh genes, respectively [4, 5] . A toxR sequence (Vp-toxR,) specific to V. parahaemolyticus has been applied for definitive identification of V. parahaemolyticus isolates [11, 7] . Sensitive and rapid molecular methods such as PCR have been applied to identify the presence of tdh and trh genes from V. parahaemolyticus [2, [6] [7] [8] . PCR and other genotypic assays have been applied to environmental studies [7] [8] [9] and seafood surveys [4, 8, 7] . The aims of this study were to determine the occurrence of V. parahaemolyticus in cockles at a harvesting area and to detect the presence of virulent isolates carrying the tdh and trh genes. [2] , to determine total V. parahaemolyticus density in the samples. The inoculated tubes were incubated at 35-37°C for 6 h. Then a 1 ml portion of each broth culture was transferred into a sterile tube containing 9 ml salt polymixin broth and incubated at 35-37°C overnight. Next, a 1 ml portion of each broth culture was transferred into a sterile tube containing 9 ml salt polymixin broth and incubated at 35-37°C for 6 h. A 1 ml portion of each broth culture was taken and a boiled supernatant prepared for PCR detection of the Vp-toxR, tdh and trh genes. At the same time, a loopful of culture from each broth culture was plated onto CHROMagare Vibrio and incubated at 35-37°C overnight. One or more (up to five) typical violet colonies were picked and tested by PCR for the Vp-toxR gene to confirm their identity as V. parahaemolyticus.
Boiling method for extraction of DNA from enrichment broth and colonies of V. parahaemolyticus
A colony typical of V. parahaemolyticus was picked from CHROMagare Vibrio and inoculated into 5 ml of Luria Bertani (LB) broth and grown overnight with shaking at 120 rpm at 37°C. Cell culture (1 ml) from a 6-h enrichment broth or overnight culture in LB was spun at 10,000g for 5 min. The supernatant was discarded and the cell pellet was resuspended in sterile distilled water. After centrifugation at 10,000g for 5 min, the pellet was resuspended in 1 ml sterile distilled water and was boiled for 10 min to facilitate cell lysis and DNA release. The tube was immediately placed in ice for 10 min; then the cell lysate was centrifuged and the clear supernatant was transferred to a new tube to be used as template in the PCR assay.
PCR assay
The PCR reaction comprised a 20.0 ll reaction mixture containing 11.9 ll sterile distilled water, 2.0 ll 10· PCR buffer, 1.6 ll 25 mM MgCl 2 , 0.8 ll 2.5 mM dNTPÕs, 10 pmol of primer (2.0 ll each), 0.5 U of Taq DNA polymerase (1.0 ll) and template DNA 1.2 ll. V. parahaemolyticus WP1, V. parahaemolyticus AQ4034 and V. parahaemolyticus AT4 were used as positive controls for the detection of Vp-tdh and Vp-trh genes. The negative control used was Vibrio alginolyticus 219. PCR reactions were carried out in a thermocycler (MJ Research) with the following reaction conditions: (trh and tdh) denaturation at 96°C for 5 min, followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 55°C for 1 min, and extension at 72°C for 1 min; a final extension was performed at 72°C for 7 min; (toxR) denaturation at 96°C for 5 min, followed by 20 cycles of denaturation at 94°C for 1 min, annealing at 63°C for 1.5 min, and extension at 72°C for 1.5 min; a final extension was performed at 72°C for 7 min. The PCR products were resolved by electrophoresis in a 1.8% agarose gel, stained with ethidium bromide and recorded using a gel documentation system (Syngene).
Primers
The primers used in this study to detect the targeted genes (Vp-toxR, Vp-tdh and Vp-trh) are shown in Table 1 .
Results
In this study, 100 samples of cockles were collected from Tanjong Karang, Kuala Selangor. Sixty-two were positive for the presence of V. parahaemolyticus as shown by the presence of distinct purple colonies when the samples were streaked on CHROMagare Vibrio. When examined using the species-specific toxR primers, these 62 samples gave positive results. The MPN value for the 62 samples was greater than 3.0 (>1100 MPN per g). PCR analysis detected 2 positive samples for the tdh gene and 11 positive samples for the trh gene.
The results of this study indicated that cockle is a potential reservoir for V. parahaemolyticus in the study area. Only samples which were positive for the toxR gene by PCR and which exhibited mauve colonies on CHROMagare Vibrio were considered as positive tubes in the MPN method. Thirty-eight samples were negative for the presence of toxR gene by PCR with no mauve colonies on CHROMagare Vibrio. These samples were considered to be negative in the MPN method, showing low results of contamination due to V. parahaemolyicus (<3 MPN per g).
Discussion
Shellfish, and especially cockles, are a popular part of the diet, being constituent ingredients in several types of local foods in Malaysia as in many areas in Asia. They are frequently consumed in a semi-cooked condition. V. parahaemolyticus is a halophilic organism which has received extensive attention for its high recovery in seafood. The route of transmission of this organism from the environment to humans includes consumption of undercooked or raw seafood or shellfish. The data from the Ministry of Health, Malaysia, indicate that V. parahaemolyticus is associated with 3% of food-borne infection; however, the true incidence of V. parahaemolyticus transmitted by seafood is not known, probably due to underreporting of cases and lack of proper study of this issue.
In this study, we detected and enumerated V. parahaemolyticus in cockles with species-specific toxR primers [6] , a chromogenic agar medium and a most probable number method. The results of this study indicated that cockle is a potential reservoir for V. parahaemolyticus in the study area. Most seafood, including cockle, is caught from wild populations and subsequently handled and processed without any additives or chemical preservatives and distributed on the same day to the markets, or with freezing as the only means of preservation. This condition propagates the growth of V. parahaemolyticus in the cockles. At this high level, it could be harmful to consumers.
The generation time of V. parahaemolyticus at ambient temperatures can be as short as 8-9 min [5] . Therefore, cockles with only a small number of V. parahaemolyticus organisms can reach an infectious dose in only a few hours. From our observation on the cockle harvesters in the study area, the median time from harvest to refrigeration is 5.5 h. In addition, we observed that fishermen took no ice on their boats when they went harvesting for cockles or picking up the cockles at the shore. All harvesting boats have to return to shore before they are able to ice or refrigerate cockles. Thus, when cockles are left on the decks of harvesting boats even for short periods at warm temperatures this can lead to rapid proliferation of V. parahaemolyticus to infectious levels.
The current pathogenicity markers of V. parahaemolyticus are the thermostable direct hemolysin (tdh) and TDH-related hemolysin (trh) genes [4, 5] . It is well known that the probability of isolation of tdh and/or trh gene-positive strains from environmental or seafood samples are very low [5, 10] . Though we could detect the presence of the trh and tdh genes from the enrichment broth, PCR detection of the tdh or trh genes from selected colonies of V. parahaemolyticus on CHROMagar Vibrioe was not successful. It is likely that tdh and trhpositive strains are present in very low numbers along with strains negative for these genes in the enrichment broth. Thus, the chance of detecting them is low by conventional methods, where 3-5 colonies were tested. Therefore, PCR on the enrichment broth lysates seems to be very useful in detecting the presence of these virulent strains. Other groups [7] have reported detection of trh-positive isolates, but their direct PCR results were negative for the trh gene, and no exact explanation was given for their observation. We report here on the detection of tdh or trh gene-positive samples by PCR.
To the best of our knowledge, this is the first report of detection of tdh/trh-positive V. parahaemolyticus in cockles by PCR on lysates from enrichment broth in Malaysia. Performing PCR on lysates obtained from enrichment broth has the advantage that it detects live bacteria [7] .
According to Feldhusen [9] , data from European border inspection shows a number of seafood samples containing V. parahaemolyticus. The majority of studies concentrated on the seafood from tropical and subtropical regions where there is a well-known risk of the occurrence of vibrios in seafood [16] . The data in this study were higher compared to reports from other tropical Asian countries, which reported a 15-71% contamination rate of seafoods by V. parahaemolyticus [3, 12, 15] . V. parahaemolyticus has been isolated and detected from seafoods, particularly shellfish or bivalve molluscs from Thailand, Hong Kong, Indonesia and Vietnam as well as other parts of the world [2, 8, 10] . The present study reports for the first time a high occurrence of V. parahaemolyticus in cockles in Malaysia. In this study, we did not determine the occurrence of V. parahaemolyticus in the seawater but investigation by our colleagues shows the presence of the bacterium in the coastal waters in Peninsular Malaysia [14] , as reported elsewhere [5, 13] . The main concern is that several of these environments are used not only for recreational purposes, such as swimming and water sports, but also for occupational purposes, such as fishing and crabbing. Thus, monitoring and routine screening for the presence of V. parahaemolyticus in estuarine waters is necessary, especially when the levels of this pathogen are increasing. By doing so, it may be possible to reduce the incidence of infections by the organism.
